that 71% of the water bodies had no significant trend in water quality, 20% showed a trend toward better water quality, while only 9% showed a trend toward worse water quality. The 305(b) report further suggests that only drastic alterations in water quality could be detected, possibly due to the relatively short time of the study (10 years). An earlierreport examining 11 years of lake monitoring data in Vermont (Smeltzer et al. 1989 ) also suggested the time span of their study was not sufficient to detect trends ofdeteriorating water quality caused by cultural eutrophication.
Our objective was to evaluate temporal trends in eutrophication related parameters on a longer time scale. Thus, total phosphorus, total nitrogen, and chlorophyll concentrations as well as Secchi disk transparency, which are commonly used indicators of cultural eutrophication, were examined in a sample (127) IAuthorto whom all correspondence should be addressed.
of Florida lakes over a 30-year time period (1967-177 178 TERRELL, WATSON, HOYER, ALLEN AND CANFIELD,JR.
1997). We also examined temporal trends of these trophic state parameters as related to natural monthly background variability.
Methods

Data Bases
To determine if there were any changes in water chemistry over the last 30 years, water chemistry data were compiled from various sources and separated into three time periods: Early, Middle, and Present. The earliest data were taken from three Florida Game and FreshWater Fish Commission (FGFWFC) reports (Holcomb 1968 , 1969 , and Holcomb and Starling 1973 . FGFWFC sampled using composite samples from the surface to one foot from the bottom at one mid-lake station two to six times on 104 lakes between 1967 -1972 . Canfield (1981 obtained the Middle time period data for 165 lakes. Canfield sampled the surface water (0.5 m) at three mid-lake stations three times between September 1979 and August 1981. The most recent water chemistry data, Present time period, were obtained by citizen volunteers under the auspices of Florida LAKEWATCH (1997 between 1996 sampled the surface water (0.5 m) at two to six midlake stations monthly on approximately 600 water bodies in the state.
The methods used for collection and analyses of the data for the Early time period are described in Holcomb(1968) . Total phosphateconcentrationswere determined using the stannous chloride-molybdate method as outlined in the 12 th .edition of Standard Methods. Using 50-millimeter cells, absorbance was read at 690 mj)Jjmicrons with the P & E 202 spectrophotometer. Nitrate-nitrogen was determined by a modified brucine-sulfamic acid method as used by Federal Water Pollution Control Administration (FWPCA) personnel. The method was modified still further as suggested by a later FWPCA publication, in that the brucine-sulfamic acid was added to the NaCI solution to minimize pipetting errors (Kahn and Brezenski, 1967) . Absorbance was read at 410 millimicrons on the P & E 202, using 50-millimeter cells. Many of the water samples contained stain which absorbed strongly at 410 millimicrons, so it was necessary to correct for innate absorbance. Ammonia and organic nitrogen values were obtained by Kjeldahl digestiondistillation, Nesslerization of distillate aliquots and absorbance measurements with 10 or 50 millimeter cells at 425 millimicrons with the P & E 202 spectrophotometer. Holcomb (1968) found that adequate digestion and recovery could be made on these particular lake samples by using the methods (copper sulfate-sulfuric acid) outlined in the 10 th edition of Standard Methods, and that values obtained compared with the more time-consuming procedures of the 12 th edition. As all colorimetric methods are or may be affected by the innate color and/or turbidity of a sample, turbidity and color were eliminated or compensated for by ftltration, centrifugation, and/or absorbance readings of samples containing all reagents but the chromogenic one. Standard curves were prepared for all determinations and a series of standards were analyzed along with each series of analyses.
Data from the Early time period were reported as total phosphate, nitrate, organic, and ammonia concentrations. Total phosphate concentrations were converted to total phosphorus concentrations by multiplying the total phosphate numbers by 0.326 (to correct for the molecular weight differences). Total nitrogen concentrations were calculated by summing nitrate, organic, and ammonia concentrations. Nitrite concentrations were not reported and were considered negligible in the total nitrogen concentrations calculated. All concentrations were then converted tõ Ll.
Measurements of chlorophyll-a during the Early time period were accomplished by a modification of the method proposed by Lorensen (1967) . Lake water samples were drawn through a Gelman Type A glass fiber ftlter coated with 2 milliliters of a 1 percent suspension of MgC0s' Water samples were filtered 100 milliliters at a time or until the filter clogged. Filters were removed, cut in several pieces and placed in tissue-grinding tubes. Two milliliters of 90 percent acetone were added, and the sample was macerated for 1 to 2 minutes with a fetlon tissue grinder. Macerated samples were washed in 12-milliliter centrifuge tubes with three 2-milliliter washes of 90 percent acetone, capped and placed in the dark for one-halfto one hour. During this period the tubes. were shaken approximately every 15 minutes. Each sample was then centrifuged for 15 minutes, and supernatants were transferred to 15 or 25-millilitervolumetric flasks and brought to volume with 90 percent acetone. Samples were transferred to 5-centimeter cuvettes and read on the Perkin-Elmer 202 at 665 and 750 millimicrons, then acidified with 5 to 8 drops of 1 N BCL, agitated and placed in darkness for 5 to 10 minutes. Mter re-readingabsorbance and correcting for true absorbency at 665 millimicrons, chlorophylla (1Jg-L-l) of lake water was calculated using the equation put forth by Lorenzen (1967) .
Data from the Middle and Present time periods were collected and analyzed in the same laboratory at the University of Florida's Department of Fisheries and Aquatic Sciences. The methods used for the analyses are described in Canfield (1981) and Florida LAKEWATCH (1997 . Total phosphorus concentrations for the Middle and Present time periods were determined by using the procedures ofMurphy and Riley (1962) with a persulfate digestion (Menzel and Corwin 1965) . Total nitrogen concentrations for the Middle time period were determined by using a modified Kjeldahl technique described by Nelson and Sommers (1975) . For the Present time period, total nitrogen concentrations were determined by oxidizing water samples with persulfate and determining nitrate-nitrogen with second derivative spectroscopy (D'Elia et al. 1977; Simal et al. 1985; Wollin 1987) . A total nitrogen equivalency study ofnitrogen in surface waters demonstrated that this method is a suitable substitute for the standard USEPA method involving the sum of nitrate-nitrogen and Kjeldahl-nitrogen as measured with an automated analyzer (Sylvia S. Labie, Administrator Florida Department ofEnvironmental Regulation QualityAssurance Section, 1991). Forchlorophyll analysis during both the Middle and Present time periods, a measured volume of lake water was fIltered through a Gelman type A-E glass fiber fIlter. Filters were stored over dessicant and frozen until analyses could be completed. During the Middle time period, chlorophyll concentrations were determined by using the methods of Richards with Thompson (1952) and Yentsch and Menzel (1963) . Chlorophyll values were calculated by using the equations of Parsons and Strickland (1963) . Chlorophyll concentrations for the Present time period were determined spectrophotometrically (Method 10200 H; APHA 1989) following pigment extraction with ethanol (Sartory and Grobbelaar 1984) .
Statistical Analysis
To determine ifthere were any significant changes in water chemistry over the last 30 years, average values for total phosphorus, total nitrogen, and chlorophyll concentrations as well as Secchi disk visibility were calculated for each lake in each time period. A total of 127 lakes were sampled in at least two time periods. The Early and Middle time periods represented a time span of 7 to 13 years, the Middle and Present time periods represented a time span of 16 to 18 years, and the Early and Present time periods represented a time span of24 to 30 years. To calculate the average value used for each parameter for each lake in a time period, multiple stations sampled for each lake on a date were first averaged. Then multiple dates sampled in each time period for a lake were averaged for each parameter. The overall average concentration for each of the parameters used for each time period is provided in Table 1 .
AIl data from each time period comparison were plotted on a 1:1 line for visual examination and analyzed using paired t tests. The experiment wise error rate was adjusted according to the number of paired t tests (3) run. To maintain an overall alpha value of p=0.05, a Bonferroni adjustment (Johnson and Wichern 1982) of ex = 0.05/3 = 0.017 for each paired t test was used to determine significance.
Thirteen of the lakes were separated from the whole data set because of known management activities that affected one or more of the parameters tested. The two management activities that resulted in a lake being removed from the analysis were either (a) point source removal (11 lakes) or (b) artificial fertilization (2 lakes). The paired t tests were repeated on the remaining subset of lakes. Statistical computations for the paired t tests were performed usingJMP, a statistical software package (SAS Institute, Inc. 1994) .
Not all lakes were sampled in every time period, yielding variable numbers oflakes for each temporal comparison. With all lakes in the analysis, the number oflakes used for the Early versus Middle comparisons was 63, for the Middle versus Present comparisons was 83 and for the Early versus Present comparisons was 72. When the 13 lakes were removed from the analysis, the number of lakes used in the subset of lakes for the Early versus Middle comparison was 51, for the Middle versus Present was 71 and for the Early versus Present was 58.
To assess changes in total phosphorus, total nitrogen, chlorophyll, and Secchi depth across all three time intervals, repeated-measures analyses ofvariance (ANOVA) were also performed on lakes that were sampled in each of the three time periods (ANOVA, Procedure MIXED, SAS 1997). The number oflakes used for this subset oflakes was 37. Sample time was the fixed effect and lakes were subjects in the analysis. The LSMEANS procedure (SAS 1997) was used to separate means if the time-period effect was significant in any ANOVA.
Data were transformed to base 10 logarithms after adding one to all values. prior to analysis to accommodate heterogeneity of variances (Snedecor and Cochran 1979) . Statements of statistical significance imply p s; 0.05.
Normal Monthly and Yearly Background Variance
The entire long-term Florida LAKEWATCH data set (Florida LAKEWATCH 1997 where "a" is a value of S2 from equation 1. These values
Results and Discussion
A total of 127 waterbodies were used to examine temporal trends in water chemistry of Florida lakes using paired t test analyses ( (Snedecorand Cochran 1979) . A percent variance from the lake mean of all months sampled was calculated for each parameter and for each lake in the data set. The 95th percentile of the percent variances was also calculated for each parameter.
To calculate normal year-ta-year background variance in Florida, a lake mean ofall yearly averages was then calculated by averaging all individual yearly averages for each lake. The year-ta-year normal yearly background variance was calculated using the same type of methods described in calculating the normal month-ta-month background variance.
Using the data from the three time period comparisons (Early, Middle, and Present), the mean of means values were calculated for each lake and each parameter over all time periods. Individual mean values from the Early, Middle, and Present were compared to the expeetedrange of the overall lake mean of monthly means. The overall lake mean of monthly means was used for this comparison instead of the overall lake mean of yearly means because the Early time period data were only collected two to six times (or months) and the Middle time period data were only collected three times (or months). The expected range of the lake mean of monthly means was calculated by first multiplying the 95'" percentile ofpercent variances (calculated from the long-term Florida LAKEWATCH data base) by the lake mean ofmonthly means and then adding and subtracting that number to the lake mean of monthly means. If the lake mean value of all months from each time period were included in the expected range then the lake was assumed to be functioning within normal temporal variance of Florida lakes. If the lake mean value of all months from any time period was outside of the expected range the lake could be experiencing a significant temporal change. (1) (2)
where for a given lake"~"is the monthly mean, "~" is the lake mean for all months sampled and m is the number of months sampled.
To satisfy the constancy ofvariance assumption of parametric statistical analysis (Snedecor and Cochran 1979) , the correlation between variances and means was removed by transforming raw data to base 10 logarithms prior to analysis. Because ofthe unfamiliar scale of variance estimates expressed in logarithmic units, the magnitude ofvariances are described by the statistic: calculate monthly average month-ta-month and yearly average year-ta-year variability for total phosphorus, total nitrogen, total chlorophyll, and Secchi disk visibility. Lakes with at least 11 months of sampling in each year and a minimum of four years (number of months sampled for a lake ranged from 45 to 129 and number of years sampled for a lake ranged from 4 to 11) ofsampling were used in this analysis. There were 114 lakes in the Florida LAKEWATCH database that met these criteria. All but one waterbody had multiple stations (2 to 6) sampled on each date. Data from these stations were averaged to produce one monthlyaverage for each parameter on a given date for each lake. Yearly averages were calculated by averaging the monthly averages from multiple months sampled in each year.
Defining normal temporal variation is difficult because certain watershed activities, point source additions, water level manipulations and other activities can significantly impact individual lakes (Cooke et al. 1993) . Therefore, the relation between date and monthly average total chlorophyll for each of the 114 Florida LAKEWATCH lakes was individually examined and lakes showing a significant trend through time were removed from the data base (43 lakes). Total chlorophyll was used for this selection process because it is the primary variable that can be used to estimate trophic status and it is directly related to nutrient concentrations. This yielded a long-term database with 71 lakes that was used to estimate normal month-ta-month and year-ta-year temporal variation.
To calculate normal month-ta-month background variance in Florida, a lake mean ofall months sampled was then calculated byaveragingall individual monthly averages for each lake. The month-ta-month normal monthly backround variance was calculated using the following equation taken from Knowlton et al. (1984): .... (1967) (1968) (1969) (1970) (1971) (1972) MIODLE (1979) (1980) PRESENT (1996-1997) ....
Table l.-(continued)
Early ( [1967] [1968] [1969] [1970] [1971] [1972] Average total phosphorus concentrations for these lakes over time ranged from 3~g-Ll to 2453~g-Ll (Table 1) . Total nitrogen concentrations ranged from 52~g-Ll to 5850~g-Ll. Chlorophyll concentrations ranged from <1~g-Ll to 264~g-Ll. Secchi disk transparency ranged from 0..2 m to 7.4 m. These data show the lakes ranged from oligotrophic to hypereutrophic, representing a wide variety of Florida lake types (CanfIeld and Hoyer 1988) .
A total of 37 waterbodies, sampled in each time period, were used to examine temporal trends in water chemistry of Florida lakes using repeated-measures analyses of variance (Table 1) . The lakes are located in 19 counties covering most ofFlorida, from Gadsden County in the Panhandle ofFlorida to Highlands County in the south central part of the state (Table 1) . Average total phosphorus concentrations for these lakes over time ranged from 5~g-Ll to 170
Ll (Table 1) . Total nitrogenconcentrations ranged from 184~g-Ll to 4594~g-Ll. Chlorophyll concentrations ranged from <1~g-Ll to 264~g-Ll. Secchi disk transparency ranged from 0.2 m to 6.0 m. These data also show the lakes ranged from oligotrophic to hypereutrophic, representing a wide variety ofFlorida lake types (Canfield and Hoyer 1988) .
With all lakes included in the paired t tests analysis, total phosphorus showed no signillcant change from both the Early to Middle (Fig. la) and from Middle to Present time periods (Fig. Ib) . From the Earlyto Presenttime period, total phosphorus showed a significant decrease (Fig. lc) . Mter separating 13 lakes from the whole data set because of known management activities, the paired t tests analysis of the subset of lakes showed no signillcant difference in total phosphorus between both the Earlyversus Middle (Fig. la) and Middle versus Present time periods (Fig.  1b) . Total phosphorus, however, showed a significant decrease from the Early to the Present time period (Fig. lc) . These data suggest that over the last 30 years, total phosphorus concentrations have not increased in this group of Florida lakes.
When only lakes that were sampled in each time period comparisons were analyzed using repeatedmeasures ANOVA, total phosphorus concentrations were not significantly different over time (time-period effect was not signillcant, p=0.9226). These data again also suggest that over the last 30 years, total phosphorus concentrations have not increased in this group of Florida lakes.
Signillcant differences in total phosphorus concentrations shown in the t-test analysis could potentially be caused by different sampling methodology. A recent study compared different sampling methodologies in Florida lakes (Brown et al. 1999) . Surface estimates were highly correlated to estimates obtained by integrated tube or composites ofsamples gathered at discrete depths (Brown et al. 1999) . Therefore, differences in total phosphorus between the Early time period (composite sampling) and the Present time period (surface sampling) were probably not due to differences in sampling methodologies. If analytical methodology differences did occur, Holcomb (1968) believed the total phosphate values he reported during the Early time period were somewhat low. The ammonium persulfate digestion (the method ofdigestion used during the Middle and Present time period) gives slightly better digestions than the stannous chloride-molybdate method (the method ofdigestion used during the Early time period) and, therefore, slightly higher values. Therefore analytical methodology differences would show total phosphorus increased over time and not the decrease shown above.
Another possible explanation for the differences in TP shown by the t-test analysis is a decrease in the detection limit ofTP analyses between the three time periods. This explanation, however, is unlikely because the vast majority of the data used in the manuscript exceeds most detection limits.
Additionally, the actual total phosphorus averages for the three time periods were 191, 60, and 43~. Ll for the Early, Middle, and Present time periods, respectively. The repeated measures ANDVA also were not signifIcantlydifferent over time for lakes that were sampled in all three time periods. These data strongly suggest that over the last 30 years, total phosphorus concentrations have not increased in this group oflakes.
With all lakes included in the paired t tests analysis, total nitrogen showed a signillcant decrease from the Early to Middle time periods (Fig. 2a) and an increase from Middle to Present time periods (Fig. 2b) . There was no significant change between the Early and Present time period (Fig. 2c) . In the paired t tests analysis of the subset of lakes, total nitrogen decreased from Early to Middle time period (Fig. 2a) and increased from Middle to Present time period (Fig. 2b) . No signillcant change was shown between Early and Present time period (Fig. 2c) lar to the total phosphorus data, these data suggest that over the last 30 years, total nitrogen concentrations have not increased significantly in this group of Florida lakes. When only lakes that were sampled in each time period comparisons, were analyzed using repeatedmeasures ANOVA, total nitrogen concentrationswere significantly different over time (p< 0.0001). Using LSMEANS to separate the time-period effect, total nitrogen concentrations decreased between the Early versus Middle time period (p=0.0012) and increased between the Middle versus Present time periods (p=0.0001). Total nitrogen, however, was not significantly different between the Early versus Present time periods (p=0.0937). These data support the paired t tests results and also suggests that over the last 30 years, total nitrogen concentrationshave not increased in this group of Florida lakes.
1~------r-----~-----'--------'
Eleven of the 13 lakes removed from paired t test analyses had point source removed between one of the time periods. In paired t test analysis of those 11 lakes across each of the time period comparisons, total phosphorus concentrations had not changed from the Middle to Present (p=0.056). But total phosphorus 'showed a significant decrease from the Early to Middle (p=0.012) and from the Early to Present (p=0.001). This was consistent with result from other studies showing a reduction of in-lake phosphorus concentration with the removal of point source discharges (Edmondson 1961 , Edmondson and Lehman 1981 , Terrell and Canfield 1996 .
With the removal ofthe 13 lakes from the analysis, the lack of increase in total phosphorus and total nitrogen concentrations is interesting considering the large increase in Florida's population (116% over 27 years) should have been linked to lake eutrophication (Ryding and Rast 1989) . Thus, these data suggest that watershed development has not increased total phosphorus and total nitrogen loading while point-source reduction has been successful in removing total phosphorus concentrations in our group of study lakes.
Using paired t test analyses and examining all lakes, total chlorophyll showed a significant increase across all time period comparisons: Early to Middle, Middle to Present and Early to Present (Figs. 3a, 3b , and 3c). In the subset oflakes (minus the 13 impacted lakes), total chlorophyll concentrations showed no change between the Early to Middle time period (Fig.  3a) . For the Middle to Present time period and the Early to Present time period, total chlorophyll showed a significant increase (Figs. 3b, and 3c) . Total chlorophyll concentration was the only parameter that increased across the 30-year time span with and without the 13 lakes with known management activities.
When only lakes that were sampled in each time period comparisons were analyzed using repeatedmeasures ANOVA, total chlorophyll concentrations were significantly different over time (p<0.0001). Using the LSMEANS procedure to separate time-period effects, total chlorophyll concentrations were significantlyhigher for all time period comparisons (Early to Middle p=0.0208, Middle to Present p=0.0048, Early to Present p=O.OOO1). These results support the paired t test results that total chlorophyll concentrations have increased across the 30-year time span.
Results of the repeated measures analyses for total chlorophyll were unexpected given the temporal trends for total phosphorus and total nitrogen noted above and the strong direct relationships published between total phosphorus, total nitrogen and total chlorophyll forlakes around the world (Canfield 1983 , Sakamoto 1966 , Dillon and Rigler 1975 , and Jones and Bachmann 1976 . This suggests that factors other than nutrient concentrations may be accounting for significant variance in total chlorophyll concentrations of these 127 lakes.
Several factors other than nutrient concentrations have been shown to impact total chlorophyll concentrations in lakes. Zooplankton abundance among lakes is directly related to total chlorophyll in Florida lakes , but zooplankton abundance could not account for significant variance in total chlorophyll concentrations when added to a phosphorus-chlorophyll model in Midwest reservoirs (Hoyer and Jones 1983) . However, when large-scale fish die-offs or fish removals occur, zooplankton grazing can significantly decrease chlorophyll concentrations in northern lakes (Shapiro 1979 , Scheffer 1998 . Thus, for zooplankton to be the cause ofincreased temporal trends in total chlorophyll there would need to be an overall decrease in the abundance of zooplankton over the last 30 years.
There were no large-scale multi-lake surveys enumerating zooplankton in Florida lakes during the Early time period, but there was one conducted during the Middle time period and one was conducted about the Present time period (Canfield and Hoyer 1992) . These surveys were both conducted on lakes ranging from oligotrophic to hypereutrophic, representing a wide range of lake-types. Total zooplankton abundance in 165 Florida lakes averaged 227,000 orgs'ID°3(range 7,300-1,500,000) between 1979 and 1980 and total zooplankton abundance in 60 Florida lakes (Canfield and Hoyer 1992) •. 
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Suspended solids have also been shown to account for significantvariance in total chlorophyll after accounting for total phosphorus concentrations (Hoyer andJones 1983) . When suspended solids concentrations in a lake increase while holding nutrient concentrations constant, total chlorophyll decreases. Therefore, for suspended solids to be the cause of increasing temporal trends in total chlorophyll there would need to be an overall decrease in the concentration ofsuspended solids over the last 30 years. This is the exact opposite of what would be expected with increasing population size and watershed development.
Florida lakes that we have solids data on do not have enough solids to reduce chlorophyll per unit of phosphorus (inorganic suspended solids (mg'Lt) to total phosphorus (1Jg'L-l) ratios> 0.15; University of Florida, unpublished data). Thus, it is· unlikely that reductions in suspended solid concentrations are the cause of increasing temporal trends in total chlorophyll.
Color can impact chlorophyll in Florida lakes much like solids do in Midwestern Reservoirs. Wet years can~ause increase in color because more water is run through swamps and into lakes, while color decreases during dry years. Florida has been in a dry period for the last several years suggesting that color would be less now then in the early time period and thus increase the amount of chlorophyll per unit of phosphorus. Canfield and Hodgson (1983) published the following model predictingSecchi depth in Florida lakes from chlorophyll and color:
Using the Secchi depths and chlorophyll values from each time period, color can be estimated during each time period. Using only the lakes that were sampled in all three time periods, color for the Early, Middle, and Present time period averaged 110, 25, and 22 Pt-Co units, respectively. Thus the decrease in color over time may help explain why chlorophyll concentrations have increased in this group of lakes when total phosphorus and total nitrogen concentrations have not increased.
Additionally, the actual chlorophyll averages for the three time periods were 19, 21, and 241Jg' Lt for the Early, Middle, and Present time periods, respectively. Using a relation predicting Secchi depth from just chlorophyll (Canfield and Hodgson 1983) , these chlorophyll values yield predicted Secchi depths of 0.82, 0.79, and 0.74 m, respectively. This level of accuracy pushes the ability ofa Secchi disk to detect a change in water clarity.
Lake Hydrology is a factor that has been shown to impact chlorophyll concentrations in lakes and rivers concentrations (Kofoid 1903; Swansonand Bachmann 1976) . When the flushing rate ofa water body exceeds the reproduction rate of algae, the algal populations are well below what would be expected based on nutrients. Additionally, when lakes become shallow due to lack ofwater inputs, resuspension of nutrients thatcanexpand algal populations is enhanced (Scheffer 1998b) . A good example ofhydrology impacting chlorophyU concentrations is Newnan Lake in Alachua County, Florida (Hoyer et al. 1997) . Between 1993 and 1998 when the water stage of Newnan Lake exceeds 20.5 m msl chlorophyll concentrations were almost all below 100 1Jg'L'1 and when the water stage was less than 20.0 romsl the total chlorophyll concentrations were almost all above 200 1Jg'L'1 (FigA). Thus, thewater levelandsubsequentlythe waterflow through Newnan Lake are related to chlorophyll levels. It is important to note that Newnan Lake's watershed has not changed significantly over this time period. It is bnpossible to quantify water level changes in all the lakes used in this study and whether they are impacting total chlorophyll, but it is a factor that needs to be examined in any long-term study of water chemistry. Aquatic macrophyte abundance is another factor that can impact total chlorophyll in lakes (Hasler and Jones 1949 , Hogetsu et al. 1960 . used data from 32 Florida lakes having a wide range of limnological conditions to demonstrate that algal biomass, as measured by chlorophyll, increased as the percentage of the lake's total volume infested with aquatic macrophytes (PVI) decreased. Thus, the removal of large amounts of submersed aquatic plants from water bodies can yield increases in total chlorophyll concentrations as well as nutrient concentrations.
The abundance of aquatic macrophytes in the water bodies sampled during the Early time period is unknown. There were virtually no studies examining aquatic macrophytes in Florida' During the Early time period, there were undoubtedly abundant aquatic macrophytes due to Florida'slongwarmgrowingseasonandshallownutrient rich lakes. In 1980 (Middle time period) Florida's Bureau ofAquatic PlantManagement surveyed aquatic plants in over 430,000 ha ofwater from 138 lakes and 59 rivers (Tarver etal. 1980) . Two exotic plant species, Hydrilla verticiHata and Eichhornia crassipes, respectively covered approximately 13,000 ha and 2,300 ha of the water surveyed. Native aquatic plants covered 64,370 ha of the water surveyed. Since that time, tremendous aquatic plant control has occurred with over $14,000,000 spent in 1998 for the control of exotic plants (Bill Caton; personal communication) . Florida Game and Fresh Water Fish Commission has also permitted the stocking of over 7,100 ponds and lakes with grass carp (Ctenopharyngodon iddlus) between 1984 and 1996 (David Eggeman, Florida Game and Fresh Water Fish Commission, Tallahassee, FL 32399, personal communication) .
It is impossible to determine exacdy how many water bodies in the temporal change data set have had significant decreases in aquatic macrophyte coverages over the last 30 years, but it is probable that many did with the current level of aquatic macrophyte control. This may also help explain some of the temporal increases in total chlorophyll detected over all time periods. However, total phosphorus and total nitrogen concentrations should also have gone up with the removal of aquatic plants and these nutrients showed no significant trend. Thus, changing color, fluctuating water levels, aquatic plant control, or some unknown factor may be causing the temporal increases in chlorophyll concentrations shown in these Florida lakes.
Water clarity is one of the major parameters used by the public to evaluate water quality changes inlakes. It is also one of the simplest parameters to measure with a constant methodology through time. With all data included, water clarity showed no significant changeamong all three time periodcomparisons (Figs. 5a, 5b, and 5c) . In the subset oflakes, water clarityagain showed no significant change among all three time period comparisons (Figs. 5a, 5b , and 5c). Water clarity trends did not appear related to total chlorophyll trends. This was unexpected because of the reported inverse relation between Secchidepth and chlorophyll in Florida lakes (Canfield and Hodgson 1983) . The lack of change in Secchi while chlorophyll increased over time lends strength to the argument that color may have decreased over time in this group oflakes.
When only lakes that were sampled in each time period comparisons were analyzed using repeatedmeasures ANOVA, water clarity depths were not significantly different over time (p=0.5191). These results support the paired t test results and suggest that over the last 30 years, water clarity has not decreased in this group of Florida lakes.
Somepaired ttestanalyses as well as some repeatedmeasures ANOVA between all time periods for each variableyielded some significantchanges for the group oflakes overtime. Itis difficult, however, to determine if these changes (increases or decreases) are outside normal temporal variance for this sample of lakes. Seventy-one Florida LAKEWATCH lakes, sampled from four to 11 years, showed yearly median background variances for total phosphorus, total nitrogen, total chlorophyll and Secchi depth of 14%, 11%, 22%, and 14% of the whole lake mean, respectively. Knowlton et al. (1984) reported higher values for observed median year-ta-year variance of 22% and 31 % for total phosphorus and total chlorophyll, respectively. The calculated normal median month-to-month background variance in Florida for total phosphorus, total nitrogen, total chlorophyll and Secchi depth was 28%, 19%,52%, and 24%, respectively. In Florida lakes, the 95th percentiles of background month-ta-month variances for total phosphorus, total nitrogen, total chlorophyll and Secchi depth were 48%, 43%, 103% and 48% of the lake mean ofmonthly means, respectively. Using 95th percentile of background month-ta-month variances instead of median variances allows us to assume that data from a lake that falls outside ofthe 95th percentile of month-ta-month variances is probably a significant change over time.
Without the 13 lakes with known impacts, total phosphorus, total nitrogen, and chlorophyll concentrations still showed some significant trends over time. Total phosphorus showed a significant decrease from Early to Present time periods for the paired t test analysis. Examining individual lakes plotted on Fig. 1c from the Early to Present comparison showed that 35 lakes decreased, 2 had the same values, and 21 lakes showed increases. The majority (80%) of the changes in individual lakes ranged from a decrease of 62 IJg"Ll to an increase of 24 IJg-Ll. Putting these values in context of normal month-ta-month background variance, however, shows that from the Early to Present time period 79% of the water bodies evaluated were within the 95th percentile of background month-tamonth variance of48% ofthe mean ofmonthly means .
Total nitrogen showed a significant decrease between the Early and Middle time period, but showed a significant increase between the Middle and the Presenttime periods for both the paired ttest analyses (with and without the 13 lakes with known impacts) and the LSMEANS analyses. Examining individual lakes plotted on Fig. 2a from the Early to Middle, total nitrogen comparison shows that 36 lakes decreased and 15 lakes showed increases (Table 1) . The majority ofthese changes (80%) ranged from a decrease of420 IJg-L l to an increase of 230 IJg-Ll. Examining individual lakes plotted on Fig. 2b from the Middle to Present comparison showed that 23 lakes decreased and 48 lakes showed increases. The majority of these changes (80%) ranged from a decrease of 200 IJg-Ll to an increase of 520 IJg-Ll. Putting these values in context ofnormal month-ta-month background variance, however, shows that from the Early to Middle time period and from the Middle to Present time period 96% and 93% of the water bodies evaluated were within the 95th percentile of background month-tamonth nitrogen variance (43% ofthe mean ofmonthly means), respectively.
The paired t test analyses for total chlorophyll concentrations showed significant increases for the subset of lakes from the Middle to Present and from the Early to Present time periods. The LSMEANS analyses showed significant increases from Early to Middle, from Middle to Present, and from Early to Present time periods. Examining individual lakes plotted on Fig. 3a from the Early to Middle time period, total chlorophyll comparison shows that six lakes decreased, one lake had the same value, and 12 lakes showed increases (Table 1 ). The majority of these changes (80%) ranged from a decrease of I11Jg-Ll to an increase of71Jg-Ll. Examining individual lakes plotted on Fig. 3b from the Middle to Present comparison showed that 21 lakes decreased, eight lakes had the samevalue, and 42lakes showed increases. The majority of these changes (80%) ranged from a decrease of81Jg-Ll to an increase ofl6lJg"Ll. Examining individual lakes plotted on Fig. 3c from the Early to Present comparison showed that two lakes decreased, two had the same value, and 25lakes showed increases. The majority of these changes (80%) ranged from a decrease of< IIJg-Ll to an increase of271Jg"U . Putting all of these values in context of normal month-tamonth background variance, however, shows that from the Early to Middle, Middle to Present, and Early to Present time period 100%,96%, and 90% of the water bodies evaluated were within the 95th percentile of background month-ta-month chlorophyll variance (103% of the mean of monthly means), respectively.
Lakes within each comparison showed both increases and decreases over time, suggesting that the lakes were varying around a central tendency. The magnitude of many changes was small and would be difficult, if not impossible, for individual lake users to notice. For example, the mean total chlorophyll concentrations for the Early time period was 19 1Jg"L-l, 21 IJg"U for the Middle time period, and 24 IJg"U for the Present time period. Thus, accounting for normal month-to-month background variances inherent in biological systems explains most of the significant differences detected in individual lakes during both the paired t test time period comparisons and the repeated-measures ANOVA for total phosphorus, total nitrogen, and total chlorophyll.
Conclusions
Although the population ofFlorida has increased over the past 27 years by 116%, we did not detect significant increases in the nutrient concentrations of our group of study lakes. Total phosphorus concentrations showed a decline, while total nitrogen concentrations showed no constant trend over time. Water visibility, the water quality parameter most understood by the public, also remained constant over time.
Chlorophyll concentrations did show slight increases during the 30-year time span. Some of these increases .can probably be attributed to changes in color, waterlevel fluctuations, and aquatic macrophyte control currently occurring in Florida's lakes. Also, 100% (Early versus Middle), 96% (Middle Versus Present) and 90% (Early versus Present) of the water bodies were within the calculated 95th percentile of normal month-to-month background variance of1 03% of the lake mean of monthly means.
Studies in Vermont (Smeltzer et al. 1989 ) and Florida (FDEP 1996) also detected no significanttrends in trophic state parameters when looking at groups of lakes over time. However, their studies indicated that for most lakes, temporal variability in trophic state parameters was too large to permit the detection of smaller changes that would be expected from nonpoint sources especially over a relatively short time period (e.g. 10 years). Our data covers a time span of almost 30 years and still no significant trends in trophic state parameters could be attributed to non-point sources. These data suggest that other states with longterm lake data should examine the potential impacts of non-point source pollution and determine if they can detect changes in trophic state parameters. Smeltzer et al. (1989) stated the implications of their study were thatlake monitoring programs should not be relied on to provide early detection ofthe small, incremental eutrophication trends typical ofnonpoint sources pollution. They suggest that irreversible land use changes could occur before resulting water quality deterioration could be documented. Thus, they recommend that instead of lake monitoring, more emphasis should be placed on lake protection programs to prevent changes from occurring in the first place.
With the limited sources of money available to states in the aquatic arena, states are not able to monitor every lake to evaluate long-term measured variability, and account for all ofthe potential sources of that variability (e.g., aquatic macrophyte control, water level fluctuations, etc.). However, volunteer programs (e.g. Florida LAKEWATCH, Alabama's Water Watch, Vermont's Lay Monitoring Program) can monitor eutrophication parameters cost effectively. Allowing the state to use the bulk of their monies on individual lake management projects and not on monitoring.
We hope that this attempt at long-term assessment of eutrophication parameters brings forth discussion on current watershed management programs. Further areas of interest might include comparing cost benefits of watershed management versus point source management.
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